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ABSTRACT

Background Anosmia is one of the symptoms in individuals with SARS-CoV-2 infection. In anosmic patients,
SARS-CoV-2 temporarily alters the signaling process in olfactory nerve cells and olfactory bulb (OB), which
eventually damages the structure of the olfactory epithelium, leading to a permanent disorder in the olfactory
pathway that this damaged structure is showed in MRI imaging

Method Two investigators independently searched four databases consisting of PubMed, ProQuest, Scopus,
and Web of Science for relevant records as of November 11, 2020 with no time, space, and language restrictions.
Google Scholar was also searched for the related resources within the time limit of 2020. All the found articles
were reviewed based on the PRISMA flow diagram. Qualitative studies, case reports, editorials, letters, and other
non-original studies were excluded from this systematic analysis.

Results Initial search yielded 434 records. After reviewing the titles and abstracts, we selected 74 articles;
finally, 8 articles were depicted to be investigated and read in full text. The obtained results showed an increase in
the width and volume of the olfactory cleft (OC), complete or partial destruction of OC, and complete occlusion
of OC in COVID-19 patients. Deformation and degeneration as well as a subtle asymmetry were evident in the
OBs. Computed tomography (CT), meganetic resonance imaging (MRI), and positron emission tomography (PET)
were used to detect the outcomes of anosmia in these studies.

Conclusions The changes in OC are greater than those in OB in patients with COVID-19, mainly due to the
inflammatory and immune responses in OC. However, fewer changes in OB are due to neurological or vascular
disorders. Topical steroid therapy and topical saline can be helpful.

Key words: magnetic resonance imaging; olfactory bulb; COVID-19; anosmia

anosmia™; in addition, an increasing number of pa-

tients with anosmia but without other symptoms were

INTRODUCTION

SARS-CoV-2, the virus that causes the coronavirus
disease 2019 (COVID-19), was first detected in Wuhan,
China, and then worldwide!”!. On March 11, 2020, the
World Health Organization (WHO) declared COVID-19
a pandemic™. The typical clinical manifestations of
COVID-19 include fever, muscle or joint pain, loss of
smell (anosmia) and taste!®, and respiratory symp-
toms™. An early report in the Republic of Korea showed
that about two-thirds of COVID-19 patients experienced

infected with SARS-CoV-2P. Many studies have demon-
strated an association between olfactory dysfunction
(OD) and COVID-19™), The prevalence of olfactory dis-
orders varied between 14.8% and 52.73% in different
patient populations®®. On March 22, 2020, the Ameri-
can Academy of Otolaryngology proposed that anosmia
be added to the list of COVID-19-related symptoms'®’,
and WHO recently added anosmia to its list of official
symptoms*®. Anosmia may occur 2 to 14 days after
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being exposed to SARS-CoV-2 or its variants™,

Generally, angiotensin-converting enzyme 2
(ACE2) is abundant in the epithelium of the oral and
nasal mucosae!™?* **,
thelium, the olfactory cleft (OC) is located between the
middle turbinate and the nasal septum!*. ACE2 and
transmembrane protease serine 2 (TMPRSS2) work in
stem cells residing in the olfactory epithelium and in
vascular cells in the nose and olfactory bulb (0B)!",
SARS-CoV-2 can enter the host body through respi-
ratory mucosa or other mucosal surfaces™. Using its
spike proteins (protein S), the virus enters human cells
and binds to ACE2 in the target cells™®!. Therefore, due
to the high concentrations of ACE2 and TMPRSS2 in
OC and the tendency of SARS-COV-2 to bind to these
receptors, the virus is transmitted through the nose
to the brain™”*"), Damage to the olfactory system can
be the result of a local infection in the supporting cells
that causes a temporary alteration in the signaling pro-
cess in olfactory neurons and OBs, or the damage can
hurt the entire structure of the olfactory epithelium
and cause permanent disorder in the olfactory path-
way™®l, These disorders impair the ability of patients to
smell food and the environment and lower the quality
of life associated with social interactions, eating, and
well-being™!. The extent to which the loss of smell and
taste after SARS-CoV-2 infection is due to OC edema,
structural deformation of the olfactory neuroepitheli-
um, or direct invasion of the olfactory nerve pathways
remains controversialt® %%,

Magnetic resonance imaging (MRI) of OB is useful
for evaluating patients with anosmia/hyposmia'®. In pa-
tients with severe COVID-19, MRI may reveal the dam-
aged OB structure that leads to local inflammatory re-
sponse™®, Brain MRI performed on anosemic COVID-19
patients shows that the anosmia may be due to central
olfactory system abnormalities®®. Furthermore, in a
study in which patients underwent neuroimaging, 7 out
of 37 patients were found to have OB abnormalities™”. In
this systematic review, to address the question of “what
are the imaging findings of OB on magnetic resonance
imaging in patients with COVID-19?", we evaluated the
results of OB MRI in patients with SARS-CoV-2 infection
as have been reported in literature.

Covered by olfactory neuroepi-

MATERIALS AND METHODS

Literature searching and selection
We conducted literature searching in databases of
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PubMed, ProQuest, Scopus, and Web of Science for
research article published in the time period till No-
vember 11, 2020. Google Scholar was also explored
within the year of 2020. The keywords and the search
strategy we used are [(MRI) AND (olfactory bulb) AND
(COVID-19)]. All articles were collected in EndNote
X8 software. Titles and abstracts of all the obtained
articles were screened. The references of the eligi-
ble articles were scanned as well. Studies that focus
simultaneously on anosmia and olfactory loss, OB,
MRI, COVID-19, and SARS-CoV-2 were included in the
study. Duplicate studies and irrelevant ones were ex-
cluded. Qualitative articles, editorials, notes, reviews,
case reports, and letters were excluded.

Data collection and analysis

The full texts of the eligible articles were examined.
Two researchers extracted the data include magnetic
resonance imaging results of OB separately.

RESULTS

In the initial search, a total of 434 articles were found
from four databases and the Google Scalar search en-
gine. After the exclusion of 93 duplicates with the help
of EndNote X8 software, 341 articles remained, Among
them 332 were excluded after their titles and ab-
stracts were reviewed and 9 studies remained for full-
text screening. After reading the texts of the articles
thoroughly, 8 articles were chosen and 1 article was
left out. The PRISMA flow chat of literature selection is
presented in Figure 1.

In the articles included in the study, the MRI re-
veale increased width and volume of OC, complete
bilateral or partial destruction of OC, complete obstruc-
tion of OC, as well as subtle deformation, degeneration,
and asymmetry in OB. Table 1 summarizes the MRI
findings of OC and OB in COVID-19 patients with ano-
mia. OC structure changes caused by inflammatory and
immune responses occurred more frequently than the
changes in OB.

Use of topical steroids and saline and olfactory ex-
ercises help to improve anosmia, as shown in Table 2.

DISCUSSION

SARS-CoV-2 alters the sense of smell by affecting
OC. Altundag et al. (2020) found the width of OC in-
creased in COVID-19 patients with anosmia compared
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Figure 1. Flow diagram of literature screening and study selection

to the controls. In these patients, the overall volume of
OC also increased, which might be associated with the
increase of the ACE2 receptors on the olfactory mu-
cosa, which causes an increase in the adhesion of the
virus'®®, Due to the coronavirus uptake through ACE2
receptors, one cause of OD in these patients is an in-
crease in OC volume. On the other hand, obstruction of
olfactory mucosa in OC can cause anosmia®”. Howev-
er, in a study performed by Naeini et al. no significant
mucosal changes and abnormalities were observed in
OC on CT images®™®. Therefore, the development of a
sudden anosmia and an increase in OC volume can be
attributed to the rapid immune response and “nasal
cytokine storm” induced by severe SARS-CoV-2 infec-
tion™”1. This reaction can also lead to localized edema
of the mucosa in the OC and prevent smells from pass-
ing into the olfactory mucosa’®®. Niesen et al. revealed
complete bilateral or partial destruction of OC in 50%
of patients and unilateral or partial destruction in the
rest of them; however, the presence of OC inflamma-
tion was not evident in their MRI images®®®. Nonethe-
less, in another study the coronavirus-induced OC in-

flammation was demonstrated on MRI"®*, Thus, edema
or total or partial degeneration of OC can lead to olfac-
tory dysfunction (OD). It has also been reported that
inflammatory obstruction of OC may occur due to the
interaction between SARS-COV-2 and the expression of
the ACE2 protein in the olfactory epithelium*!. There-
fore, the loss of OC due to inflammation of the central
olfactory epithelium is not the only underlying patho-
physiological mechanism that can prompt SARS-CoV-2
dysosmial®”; rather, several factors can also change
the structure and function of OC and subsequently
lead to OD. Eliezer et al. found that 95% of patients
with early symptoms of COVID-19 suffered from
complete obstruction of OC; they claimed that anosmia
and OD happen when the aromatic molecule could
not reach the olfactory epithelium, probably due to
nasopharyngeal infection caused by local inflammation.
However, on MRI taken after 20 days, the symptoms of
complete OC obstruction were still evident; after one
month of follow-up, they observed a significant reduc-
tion in OC obstruction™"?*!, Therefore, OD can happen
due to swelling, eventual leading to obstruction of the
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Table 2 Treatments and outcomes of patients treated with topical steroids or saline

T S—— Route of ad- Recovery time Duration of Result of G
ministration Partial Total effectiveness immunoglobulin
Steroids Oral 1 week (40% - 85%) 2 - 3 weeks 7 days Positive
Steroid drops Local 1 week (40% - 85%) 2 - 3 weeks 7 days Positive
Ephedrine Local 1 week (85%) 2 weeks 3 days Positive
Betnesol Local 1 week (85%) 2 weeks 3 days Positive
Prednisolone Oral 6 days 2 weeks 3 days Positive
Nasal saline irrigations Local 8 days 2 weeks 8 days None

olfactory pathway, which may or may not be seen on
MRI.

Structural changes of OB in patients with
COVID-19 are evident on MRI. Kandemirli et al. (2020)
showed deformation and degeneration of OB and
emphasized that the high rate of OB degeneration
was due to direct/indirect damage to the pathway
of olfactory neurons. It is also particularly one of
the reasons that can be attributed to patients with
prolonged anosmia'®*. In general, the causes of an-
osmia can be classified into two groups: a) loss of
conductive or sensorineural olfactory, which is a con-
duction disorder associated with the destruction of the
airway in the nose; and b) damage of the sensorineu-
ral pathway, which is related to olfactory epithelium
with longer lasting effects until it heals™ ..

In another study, OB enlargement was shown
in the second stage of MRI, although there was no
change in OB during the one-month follow-up. Even-
tually, the OB change was considered to be due to the
invasion of SARS-COV-2 into the brain by the crib-
riform plate, which is close to OB and the olfactory
epithelium!®!. Based on the available evidence, the
virus mainly affects the cerebral cortex and hypothala-
mus,

On the other hand, there were studies that did
not show significant changes in OB. Niesen et al. (2020)
found only three out of 12 COVID-19 patients showed
subtle asymmetry in OB, so they considered that the
development of severe anosmia in these patients was
not due to the changes in OB and OB disorder was not
involved in olfactory loss®”
be attributed to infection of vascular pericytes in OB,
as ACE2 is expressed there!’™.. On the other hand, Cao
et al. (2019) showed that the receptor of ACE2 gene
polymorphism in Asian and European populations can
cause disease in patients with different periods™**. In
addition, in this regard, a study showed that there was

. OB changes on MRI can

no significant difference in OB volume in patients with
COVID-19"8, However, studies conducted so far have
shown that OB volume decreased due to damage to ol-
factory receptor in post-viral anosmial**“®). Laurendon
et al. revealed the increase in OB volume was associat-
ed with COVID-19. It was also shown that the volume
and the intensity of the MRI signal returned to normal
on the 24th day of the disease. Notably, there was no
significant change in OB and signal in COVID-19-relat-
ed anosmia®’!, According to the existing hypotheses,
disruption in signaling to OB in the early days can be
attributed to infection of sustentacular cells, which
leads to disruption in signaling from olfactory sensory
neurons to OB, and the sustentacular cells support the
olfactory sensory neurons by maintaining ion balance.
Thus, when these cells are destroyed by infection,
CILIA of the olfactory sensory neurons is destroyed
and signal transmission is disrupted™®,

The most common treatments for OD include: a)
Olfactory training: it includes frequent and intention-
al inhalation of a set of smells (usually lemon, rose,
clove, and eucalyptus) for 20 seconds each time, at
least twice a day for at least 3 months (or more if pos-
sible) . b) Nasal lavage with saline®®™®: medications
that have shown to be effective in treating post-infec-
tious OD also consist of intranasal vitamin A, which
may enhance olfactory neurogenesis, intranasal so-
dium citrate, which seems to moderate olfactory re-
ceptor transduction cascades, and systemic Omega-3,
which may function as anti-inflammatory or neurode-
generative!, ¢) Nasal or oral corticosteroids”®®: a re-
cent study showed that oral prednisolone consumption
after the course of the disease, when the PCR test is
negative, can be effective in improving anosmia™".

Oral steroids are commonly used to treat
anosmia. However, these drugs may impair the
immune system and thus their use needs to be
individualized™!. As the exact cause of anosmia in
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COVID-19 patients is still unknown, there is no con-
cesus on its definitive treatment®®. In some studies,
corticosteroids are not recommended for people with
post-infection OD. However, for patients who have
been taking intravenous or intranasal steroids before
COVID-19, such therapies should be continued™® Plas-
ma therapy is not effective in treating anosmia*®!.

A major limitation of our current study was that
documented evidence in case reports was ruled out in
this systematic review.

To sum up, as shown by MRI of the olfactory
system in patients with COVID-19, the changes that
happened in the OC due to COVID-19 are greater than
those in the OB and can be attributed to inflammatory
responses, immune responses, or the abundance of
the olfactory epithelium in the OC structure, whereas
small changes or no change in OB due to anosmia in
these patients can be attributed to neurological or vas-
cular disorders.
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